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© Cone antra tad stablltead mforobuOOlotypa ultrasonic imaging agant and motnod of production. 


© A micrcOuOOta-typa uttrasorric imaging agant it provided eompriaing a parantaraJly*admirttftarabJa aouaoua 
maemm co n tainin g a dlaparaion of mtcrcapnaraa pradorninantty of dlametara [aaa than 10 microns, wherein tha 
rrncroaoharaa oonaiat of gaa mteroOucoiaa ancaosuiaad wrth watar-*naoluoi»tad bteccmpanota matartaL Tha 
imaging agant ia characsanaad Oy having a c oncan tt ari on of graatar man 100 a 10* microspnaree oar miMUtar. 
and a ataaHity avert that tma c on cantraeon ia meJntajnad for ovar 4 waaka at a tamoaraatra of 20 to 23* C. A 
prafsrrad rnathod of producing tha imaging agant la alao dacfosad* 
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CQNCSNTRATIO STAStUZCO MICRO 8U88UE-TYF8 ULTRASONIC IMAGINO AGENT ANO M6THOO CP 

PROOUCHON 

This invention reiates to ultrasonic imaging of the human body for diagnostic purposes: anc\ mor 
particularly, to ultrasonic imaging agents and methods for produc tion thereof. 

It has boon known since 1963-70 that contrast echc-cardiog/aphy can be used to delineate intracardiac 
structures, assets vatajiar competence, demonstrate intracardiac shunts, and icannry pericardial affusion. 

s (Gramiax and Shan. 1963: and Feigenoaum. et aJ.. 1970.) Ultrasonic imaging of me heart potentially has 
imoortant advantages of convenience, ta/ery. and 'educed cost over present diagnostic procedures, sucn 
as angiography, which recuire* the use of radio-opecue dyes for X-ray imaging, or the use of radto-nuciide 
imaging agents for rado-^maging. However, progress in practical applications of ultrasonic imaging has 
been delayed Oy Che *'ack of effective cJtn*ufly*u*ae!e imaging agents. 

re Uttrascn»c imaging uoflaee an ultrasonic scanner to generate and receive) sound waves. The scanner is 
placed on a body surface overlying the area to be imaged, and sound waves are directed toward that area. 
The scanner detects reflected sound wcves and fransiaies chat data into images. When uJtrascntc energy is 
transmitted mrough a substance, the acoustic p ro p ert i e s of me substance deoend upon the velocity of me 
transmission and the density of tre suostance. Changes in me suestance' s accustie prepertea (e.g.. 

*t variations in acousac ^moedence) are most promi n ent at the interfaces oi different sucstances, sucn as a 
<iCuid-soUd or iiguid*gas interface. Consequeney. when ultrasonic energy is directed through mecia, 
changes <n accultc sreoerties will result in more miens* sound reftecto* signals 'cr eetecscn by me 
gJtrascmc scanner. 

Ultrasonic imaging agents can consist of small solid or gaseous parses wmch. when injected n the 
20 crcuiatery system, provide improved sound rertecton and image Canty. Mlcreeubbie-type imaging agents 
consist of minute bubbles of a gas (usually atr) which are dispersed in a carrier i*cutd for ; a/ enteral 
•njedton. The "micro cuO Dies' are earned oy the dreulatory system to the organ. being imaged. 

it has been proposed to form a disoerswn of air mtcrobubbies m a warm aqueous geuan solution. -and 
cooling the solution to a sotfdifica&cn temperature to tree tne mtcroeubbiee. for administration, the gelled 
2* dispersion is to be warmed until it GquiRes. and parenteraily administered witn tne microbubbiee dispersed 
in tne ticuiffed gelatin. (TTckner. et ai. U.S. Patent 4.276. MS; and Tfcfcner. et at. Nations* Technical 
Information Service Report Ha-629i7.il. Apm. 1977% 

ae*a0n*traeeeo mtcrobuboies on in t rod uca dn into me bloodstream have a short tire-ttme. They rapidly 
osaapate. Another disadvantage is mat tne microOubt)*es are too largo to pass through capillary beds, and 
so are therefore not surtaQJ* for heart imaging by peripheral intravenous administration. 

Tne discovery by Or. Steven 8. Feinatem of sorticaborvprod u cod mtcrooubo/e imaging agents repre- 
sentee an imoortant advance in this art. US*ng viscous aqueous solution*, such as 70% sorbitol or dextrose. 
Or. Fein-tetn produced a di sp er si on of microbubbiee by nigh energy somcaocn of me solutions. Tne 
resulting microbubbiee had fteeo tees than tO microns, and were capable of passing through captUary beds. 
3$ The persistence of the microbubbiee. although of the order el a few minutes, permitted the imaging agent to 
be precared and administered intravenously tar heart imaging. (Pemstem. et al.. 198*: and 'einstem u S. 
Patent 4.372.2QX) ' 

Subsecuentry. Or. Fitoa&n sought to improve the persistence of me microbubbiee. He found that by 
sontcsbon et a heat-sensitive protein, sucn as albumin, microbubbiee et improved stabtScy were obtained. 
<*o (See Petnetein. PCT Aopfictfkw WO 8*02838. corresponding to allowed U.S. application Serial No. 
80S.979. filed December 9. 1989V Ccncentratone of microbubbiee of 10 to 14 * 10* microbubbfes per 
mtiOSter ware obtained with bubble sices from a to 9 microns (Kefter. Femstein, and Watson. 1987% The 
mfcroOufiOtoe persisted for 24 la 48 hours. 

I low ever, the scn<abon-produced albumin microoubbJo imaging agent of Femsiem was not sufficiently 
m stable «or commercial manufacture. Stables of the order of weeks or months (rather man hours or days) 
are r oquir oo to permit an imaging agent to be manufactured at a central location and distributed to hospital* 
, 'r the United States and etfter countries. For commercially Feasible manufacture, shipment and hospital 
storage prior to use. a staetfty time ol at roast four wee** is needed and preferably at least eight weeks or 
longer* 

so Further, for the most effective imaging, fl is desirable to have the highest obtainable co nc e n tration of 
microouooies in me imaging agent 8ut the population of micfobubetee of ttm desired small sue* tends to 
decrease with holding of me sonicated albumin solutions. The small bubble sive earitton can occur either by 
collapse of me micrebubbfe*. or by coaiesenee to oversize microbubble*. Conteouently a further important 
objective has been ao find means (or increasing concentrations of microOuObie* m me imaging agent An 
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hem .* inserted in the syringe to the 7 ml level, indicated as *• T- position in *G. TS. in m>s postten th« 
son<ater horn is immersed in the upper person of the solution, the solution level bemg « indicated <n FIG 
id. inidai senicaoen is earned out essentially without foaming of mo soiuocn. 

immediate* following in.tial sonicaecn an* wHhout turning off the sortcatcr. the hern is withdrawn w mo 
% 10 ml level, indicated as mo T, pnuticn in FIG. iC. Tho power inout to me sonicate/ norn can al«o ce 
<nereased as it is withdrawn to mt T, posifton. tmMediateiy tallowing mo withdrawal, foaming of mo albumin 
solution commences and mo solution becomes mttky in appearance. Tho solution will foam upwardly 
around me scnteator horn during me second pflase. Tho appearand* of mo foamed sotuften is illustrated in 
RG. ti 0. the m«fcouW)tes being indicated in grsatfy enlarged ciameter over meir actual m.crcn ranee sizes. 
to The solution being sonicated contains both dissolved and entrained atr. The solution is in contact with 
me ambient ttmostphero around the sonieator horn. (The clearance between the horn and me tnstee of me 
syringe can fee seen in me cross-sectional view cf m. 2.) The air contact faoKtatos the foaming and 
aerosoiating of the solution in me second sage of me sonicaeon. 

Tne dispersions from a plurality of sonteaaon batches can be pooled tor concentration. For e*amoie. a 
t% plurality cf me dispersion increments can. be introduced into a sooarator vessel which m« y be a tares 
syringe «* separator funnel equipped at its bottom mm an outlet eontroiiod by a drainage vsive. Such a 
separate vessel «n the form of a large syringe * shown in mo. 3. 8y holding me pooled dispersions for 
several hours without agitation, such as overnight holding, me microspheres ~d nse to the too ol me 
solution and form a layer of float-separated microspheres. 3eneath me collected layer, the clarified Albumin 
» solution wta oe suostantiaiiy free of microspheres, it is therefore 0OS*ete to drain off a major oomon of me 
solution mreugh the bottom outlet *er t*ampfe. one-naif to three-fourths of the solution can be removed 
However, it is destraoie to retain a sufficient setuften volume to permit fun redisoerson of me concentrated 
mtcrospneres. 

m rK3. 4 illustrates me microsphere concentrate with me micrcsc*eres reotspersed. The mtcresaneres 
a are sufficiently staple mat mey do not adhere permenermv to each other in a concentrated layer, remaining 
as separate intact microsphef ee. They can readily be rodispersed by mild agitation. 

After redisocrsien to an essentially r^omogeneous ccncitien. (ractenatien may be earned c^t :o remove 
oversiae mtcrospneree. 3y holding the redisoersron fcr a snort trme. tucft as around 30 minutes, the largest 
eiameter microspheres prs/erentiaily nse to me toe and collect in a layer, as indicated in FIG. 4A. When 
» tnac nas occurred, the microsphere dispersion beneam me overs*** microspheres can be removed through 
me dremage van*, when me eoaected oversue microspheres approach the valve, me vsive t eosed so 
that the oversue layer remains in the separator vessel* as mdicsied in Ra 4«. The oroduct ootamed is a 
cencentrated fracdonated albumin microsphere product in which at (east 90% ol the microspheres nave 
diameters « me range from 1 to 9 microns. The preferred product has at feast 90% of the microspheres 
» with diameters of from 2 to 3 microns. 

further directorial details of the presently preferred procedures are set out below under me appropriate 
neaongs. 

to Somcstion: 

a to mi syringe of oval cross-serf on fined at its tower outtst end with a stopcock to the 3 ml mar* 
wttri mjmen serum aiburnm. Position a sonieator erode of smaller cross- section in me syringe so 

mat me e oaom of the probe is at the 7 mi mark. Sonicate at energy setting 6 for 30 seconds then (with the 
f4U U4A j^' **? **• prooe dp bo the 10 ml mark, while moving me energy setsng to 8. Sortcate for 

an addtoenef 2S seconds* Turn off sonieator. remove proee and dram contents of the synnge into a 80 ml 
syringe or separate*/ funnel •nth a stopcock controlled bottom outlet From 3 to 6 syringe volumes are 


*S 


Allow the pooled incrernents to stand overnight (8-t2 hoursi without agitaoen m me seoarator vessel. 
When suostantfsity aa the micr pspn eres have formed a fayer on me top. drawi ewo*thirds of me volume from 
se the bottom. 
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RESULTS 


Corc*fitr»tion m«asvr*m«ftt3 aro s« out below in Taole A for mm* «^ 
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Claims 

t. A co n cwat a O naanvea mp ata a uro sttM uttraaomc Imaging 49am eompHaing a parantaraity ad- 
m nimafiia ma9 madium containing a dl tp a nion a* micmapn a* ao pradominandy of damatara i«aa 
tfw»i0«lo«ii9. wNen mfeioap fa a oonM of 99s mfcroaiOttao ancaeaulatad witfi w*a™*ofatttUad 
la nirampami matanaL said Imaging agant having a homoganaouaYy diaoanad co n canraio n of groatar 
man 109 a tfl» miereapfiarva par mtflntar and wnien maintain* ma eoneanvadon for ovar 4 «**«* at a 
tampafotw of 30 to 29* C. 

*» Tha imagi ng aganr of claim 1 in wttteft at teat 90% of said microaphsraa navo damacara in ma 
range from 1 10 9 microns. 

XTho imaging agam of dabn 1 or daim 2 wWcn naa a homoganao u aty dapanad concamraaon of said 
mierespnaroa grsatar man 200 x 1* microapriaras par mi*&m and wNcft mamma sucft concamration for 
ovar 4 wsafcs at a tampsraojrs of 20 to 29* C. 

4. Th* imaging agam of daim 1 or daim 2 in wmcft said mteroOuMaa ara ancapsutatad with human 
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5. A cone«ntratM rocm.t#/r{5«farur« naota ultrasonic imaoina ae»ct . - 

• *°™9«**atr<<t6«*m9 coneantraaien oraatar TaTttfl 7 ,r*^ *** »9«-« n«vmg 1 

«*neo»aiLra of 20 to 23 G cmw " tw * 8 •mm u « 

»• T. T>.« .magma. ,5^, of daln , j g, &l£m 8 , n w 

m tr. ranga from 2 to a mierena. W ""^ of ^ ""cotenaraa aiimmors 

9. * eene«n(ra»0 rco/TMampan&jra raofa uJtrasente imaaiiv* ,„,.^ 
» 80% of w*efi havo dlamaw, «, m« ™ ofTi 9 m£L!"^ ? d, » ow * en * •"fcrworian* at 
"WtWMiWK ccncamrwon „ from » £^m^ 0 £i^•* ,, • * 

ia Th, agant of c*m » in wMeft «, ,,»« wnaf mm TmLZJL- . w 

» ronga from 2 to 8 micena. **° "W©«en«<oa nava clamaiars in tr>« 

n. T>« matnod Of orodueng a ciic*rticn of mierossfMrM for u*a *. ~, . 

-*en an icuecu. se*Mn of . naat-d»n«rur«5fa Bioearoa^ ~L!!V! *" " ^ " B * !ir5 *«•« 

' ***ton «, e*,ry*g out ma .onicaseJ ^ r-aa^J of^^ll !^J"^ ^ 5a " 
"W*«9 tfta sonicater horn to « eosten in vmlmlL^JZ?? WoroeiAOia foaming, man 

« ««m«, «. ^rsi w^sirys^^ " 

micreeu&tiiaa canatwad orown to eboin a ottX^T <i •«» ••wwuiaiino; tno 

ia. ma matnod of gfodueiig a eoneantratad diapersien of ~— - — - 

mwrosBRaraa of ineraaitd esneantraMn ***** ^r 8 ^" * ow *" • *wr«wn of staofhad 

eeneantraiion. concarwaiog ityar to OOtam a ditparmn of oraatar m«resehara 


14. Tha mamod of daim J3 in •Men tno aaid oiasaraian af 

"-Wr^ , comatmno meat of JScSSSS IfiZZ^ZZT 0 * " * 

•"•erona out wwudo mieroaenorad of (arear 11^^^^!^^^ 01 >•*• »«• '0 

^ « tr* mwstWaTaoafa^ 

> nm m * oa from banoa* aaMusoa* ^av« ^21^1^^ " UCB " Uyw - "*«««»^ » 
^^•tt^.^^t?* 0 *. 0 ' "* of laaa tnan to m«on, 

'"'onw diainatafi^^ a mcroapnara fraction eentawimg most of tno microspnaraa of lar^ar man i0 
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FIG. 5 


MICROSPHERE STA8ILITY AT ROOM TEMP. (2025-C) 
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